tephra and lava (Fournelle 1998 ). An example of Ray's patience and generosity is evidenced when he noticed that a local helper who assisted in daily recordation of volcanic events, Celedonio Gutiérrez, was having difficulty with time management; Ray realized that Celadonio, like many locals, had never been taught to read time, whereupon Ray bought him a watch and showed him how to use it. A level of adaptability was required on the job; when surveying posts were absconded by the local villagers, Ray determined that if a cross-beam was set (to assume the form of a cross), the highly religious residents would leave them in place-a strategy that proved effective. A series of publications on the growth and evolution of the erupting volcano ensued, culminating in a significant report published in U.S. Geological Survey Bulletin 965-C that constituted a classic study of the variation in magma during an eruption cycle (Wilcox 1954) ; this work significantly advanced scientific understanding of volcanic processes. Ray's services were subsequently requested by the government of Nicaragua to study the eruption of Cerro Negro in July of 1947 and also the effects of fumes from the Santiago Volcano (Wilcox 1952) .
Ray returned to the Aleutians in 1949 and 1950 as a member of the Survey's Volcano Investigations Unit, and again in 1953 with the eruption of the Mount Spurr Volcano (Fournelle 1998) , which culminated in a paper describing the effects of volcanic ash in Alaska (Wilcox 1953 (Wilcox , 1959a . A volcano on Seguam Island now bears his name.
Extending his Ph.D. research on the mixing of rhyolite and basalt magmas in Yellowstone culminated in major contributions to the understanding of magma mixing in volcanic eruptions. Recognition of his work in magma mixing is evident in a citation given when Ray received a U.S. Geological Survey Meritorious Service Award in 1983: "Early in his career he proposed a concept of magma mixing that was so much ahead of its time that it was not confirmed until nearly 30 years later." In addition, Ray recognized early on that multiple beds comprise the Pearlette ash, a widespread marker deposit in the western U.S. (Izett and Wilcox 1982) that became known to be the product of three different eruptions at Yellowstone National Park. Another significant contribution was given in an invited chapter published in The Evolution of the Igneous Rocks (Wilcox 1979 ) that summarized developments in igneous petrology; Ray's article modified and widened Bowen's approach to the use of variation diagrams in the investigation of igneous rock chemistry.
Ray was unqualifiedly an expert in mineral optics. He applied his considerable knowledge in this discipline to his fieldwork, utilizing the optical properties of minerals to characterize the mineralogy of volcanic ashes to distinguish individual ash beds, which could then be applied to identification of the source-area volcano. For example, with Howard Powers (whom Ray had first met as field party chief on the Aleutian project), Ray identified the source of a widespread Holocene blanket of volcanic ash in northwestern states as originating from Mount Mazama at Crater Lake (Powers and Wilcox 1964) , rather than from Glacier Peak, thereby providing a marker for the end of the first third of the Holocene. Also with Powers in 1964, Ray identified cummingtonite as a primary phenocryst in fresh volcanic pumice. Although cummingtonite was widely regarded as an index mineral of metamorphic rocks, it had been previously unknown in fresh volcanic rocks in the western world. In the Pacific Northwest, he had also identified cummingtonite in the Mount St. Helens deposits (Wilcox 1965) , which facilitated recognition of multiple eruptions of Mount St. Helens prior to 1980; ash containing cummingtonite became a distinctive constituent marking the end of the middle third of the Holocene for geologists and many other researchers.
Accordingly, his studies of volcanic processes necessitated using the optical properties of minerals to help characterize volcanic ashes and to use mineral assemblages to distinguish individual beds. These studies led to groundbreaking contributions to the field of optical mineralogy and resulted in international recognition for his development of optical methods, especially spindle stage methods. Although spindle stages had been casually used since the late 1800s, Ray's introduction in 1959 of a novel and inexpensive design of spindle stage (Wilcox 1959b) , and an efficient protocol for its use in studying single mineral grains, proved to have a far-reaching impact, rejuvenating the method of spindle stage work throughout the geological and mineralogical communities.
Perhaps the most telling tribute to Ray's contributions to optical mineralogy was related by Don Bloss, also a 20 th century icon of optical mineralogy: Ray was also among the first to venture into the realm of dispersion staining methods (e.g., Wilcox 1983), now commonly employed worldwide in the study of the asbestos minerals. This technique, extending works in Russian literature, greatly simplified and expedited the rapid determination of the principal refractive indices of mineral grains by immersion methods. He also developed a suite of high-dispersion immersion liquids for use in dispersion staining, which were widely adapted.
Ray's contributions to optical mineralogy did not end with the aforementioned works; his persistence and tenacity in his work, evidenced by the many weekends and evenings spent at the office, culminated in other important projects. He contributed significantly to Bulletin 1627, published by the U.S. Geological Survey (Fleischer et al. 1984) ; this exhaustive work constituted an important and long-standing reference of mineral optical data. In 1969 he was one of two mineralogists in the Geological Survey chosen for the Lunar Sample Preliminary Examination Team to analyze lunar samples from the Apollo 11 and Apollo 12 missions; this preliminary work was done prior to a wider distribution of the samples to other scientists worldwide. These studies culminated in two publications in the prestigious journal Science (1969 and 1970) .
He was generous with his time, and committed to passing along his skills to other Geological Survey employees, as well as industrial scientists, university professors, and students. To this end, he taught numerous short courses at the Survey on spindle stage use, focal masking techniques, and methods for optical identification of the feldspar-group minerals, preparing detailed in-house publications that served students well for many years.
Ray received many well-deserved honors and awards throughout his professional career, including the University of Wisconsin Distinguished Alumni Award in 2001 (for "distinguished contributions in mineralogy, petrology, and volcanology, for service to the scientific community, and for international cooperation in science"), the U.S. Geological Survey Department of Interior Meritorious Service Award in 1983 (for "distinguished contributions in mineralogy, petrology, and volcanology"), the U.S. Geological Survey Scroll of Honor (40 years of public service), and the Geological Society of America 50-Year Fellow Award. He was also a Life Fellow of the Mineralogical Society of America.
Although Ray retired from the U.S. Geological Survey in 1985, he continued in an active role as Scientist Emeritus as a mentor and scientist for the formation of the U.S. Geological Survey Volcanic Hazards Program. Despite his deteriorating eyesight, he continued writing about volcanic processes long after retirement (e.g., Wilcox 1999) .
Mary, his wife of 69 years, four children, nine grandchildren, and ten great-grandchildren, survive him. Ray, always softspoken, was a capable, considerate, thoughtful scientist, and more importantly, a true gentleman. His productive career as an igneous petrologist and optical mineralogist set high standards for those who followed; it was a true privilege to have known him.
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